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Note S1. Brief explanation on the aggregation mechanism of MoS2 nanostructures
In this work, our initial attempt was to synthesize nanostructured MoS2 onto the carbon fiber cloth as a functional electrode for practical hydrogen production. However, after several trials, we noticed that bulky aggregates of MoS2 with wide size distributions could be easily formed during the hydrothermal process, similar to those reported previously (8, 19) . These aggregates may bury the active sites-containing edges and create micro-cavities, which can trap evolved H2 bubbles, thus significantly limiting the catalytic activity of MoS2. We then took different measures for the purpose of preventing the formation of bulky aggregates on carbon fibers, including reducing the precursor concentration, varying the precursor ratio and tuning the reaction temperature. However, none of these approaches worked effectively to meet our expectation.
After careful analysis, we attribute the aggregation of MoS2 to the epitaxial nucleation/growth of layered MoS2 on the rough carbon fibers. Figure S1 shows the SEM image of the carbon fiber cloth which was used to fabricate functional electrodes. The inset of fig. S1 illustrates the morphology of a single carbon fiber, from which the oriented striations comprising wrinkles and ridges can be clearly observed. Figure S2 shows the MoS2/C synthesized with reduced precursor concentration (10 mM Na2MoO4 •2H2O + 50 mM L-Cys), which shows that carbon fiber is only partially covered by nanostructured MoS2. Based on these observations, the following aggregation mechanism is proposed.
Initially, MoS2 nuclei formed by heterogeneous nucleation attach onto the hydrophilic surface of carbon fibers, and then firmly bind with it through van der Walls interaction. The sizes of nuclei may vary, due to the propagation of heterogeneous nucleation at different rates on distinct sites. In the structure of MoS2, Mo (IV) centers occupy the trigonal prismatic coordination sphere, which bound to six neighboring sulfide atoms, while each pyramidal sulfur center is connected to three neighboring Mo centers. With this spatial arrangement, MoS2 tends to form layered structures through the interconnection between trigonal prisms(54). Due to its layered structure, MoS2 crystals will grow epitaxially along the hydrophilic surface, forming film-like structures that partially cover the carbon fibers. However, the surface of carbon fibers is not ideally smooth for the development of continuous thin film, due to the presence of random allocated striations. The epitaxial growth of MoS2 layers will be hindered once those expanding edges step onto the winkles or ridges near the striations. Due to the weakening of van der Waals interaction near these sites, certain expanding edges are lifted from the surface of carbon fibers. The redirected crystal growth along the lifted edges will continue when there are sufficient precursors present in the solution, and these lifted edges will gradually folded into aggregates. Meanwhile, newly generated nuclei may continuously attach onto the carbon fibers or stack onto the existing MoS2 sheets on carbon fibers. Due to the unevenly distributed film thickness, the stacked MoS2 layers will start to crack by random tearing and squeezing forces, hence leading to the formation of new expanding crystal edges. Eventually, the MoS2 layers will assemble into bulky aggregates on carbon fibers. As shown in fig. S3 , we found that the aggregation of MoS2 is time-dependent. Irreversible electrochemical oxidations were also performed on both samples (with same geometric surface area) using 0.5 M H2SO4 as the electrolyte at scan rate of 50 mV/s to assess their structural differences. Fig. S16 shows the cyclic voltammetry (CV) curves of MoS2/C and Ni-Mo-S/C (1:1).
For comparison study, we assume that the major component in Ni-Mo-S (1:1) is MoSx, confirmed by XRD (Fig. 5) and XPS (Fig. 7) . Two peaks centered at ~0.72 and 1.14 V (vs. RHE) in the CV curve of MoS2/C can be ascribed to the oxidation of edges and basal planes of MoS2, respectively.
In contrast, only one apparent oxidation peak centered at ~0.72 V vs. RHE was observed in the CV of Ni-Mo-S/C (1:1), possibly due to its edge-rich (including both sheet edges and defect edges) features, as edges of MoS2 nanostructures are expected to be more readily oxidized than does the basal plane (47). Based on these results, the edge-rich characteristic of Ni-Mo-S (1:1) is confirmed again. Note S3. XPS study of the rapid deactivation of Pt in neutral buffer electrolyte XPS was performed on both fresh and deactivated Pt electrodes, and all binding energies were referenced to the C 1s peak (284.6 eV) arising from the adventitious hydrocarbons. Figure S18 shows the XPS spectra (survey spectra, high-resolution Pt 4f, high resolution P 2p and highresolution O 1s scans). From the high-resolution XPS spectra of Pt 4f scans ( fig. S18C and D) , two doublets can be observed in both fresh and deactivated platinum electrodes. The doublets with lower binding energies, which can be assigned to the metallic Pt (71.18 eV and 74.51 eV for fresh Pt electrode; 71.13 eV and 74.45 eV for deactivated Pt electrode), are predominant in both samples.
Meanwhile, the doublet with higher binding energies (72.03 eV and 75.52 eV for fresh Pt electrode; 72.18 eV and 75.65 eV for deactivated Pt electrode) in the spectra can be assigned to the oxidized platinum (PtOx). It is noteworthy to mention that the doublet associated with PtOx in deactivated Pt electrode are slightly shifted (0.13-0.15 eV) to higher binding energy compared to the fresh sample.
The small binding energy shift might be due to the adsorption of phosphate anions (PO4 S18H ) can be assigned to the adsorbed phosphate and phosphide anions, respectively. The small peak at 535.1 eV could come from the adsorbed sodium ions (Na KLL auger peak).
These results suggest that the deactivation of Pt in neutral buffer electrolyte may be caused by the poisoning effect of phosphoric acid anions. During the experiments, we also noticed that the catalytic activity of deactivated Pt electrode could be recovered by simply washing it with DI water, suggesting that the deactivation may be due to the physical adsorption of phosphate ions or the formation of weak bonding between Pt and phosphoric acid anions. Our results are consistent with those in previous reports on the similar phosphorous poisoning effect on the oxygen reduction reaction (ORR) and hydrodesulfurization (HDS) reactions(56, 57). 
Note S4. Faraday efficiency calculation
The Faraday efficiency was computed using the following formula:
where F is the Faraday constant, R is the ideal gas constant, P is the pressure inside the reactor, V is the total volume of the system, T is the temperature, CH2 is the detected mole fraction of H2 gas and Q is the total charge passed through the working electrode. 
Note S5. Hydrogen evolution on Ni-Mo-S/C (1:1) in real seawater
Seawater (saline water) covers about 72% of the Earth's surface (~3.6 × 10 8 km 2 ), making it one of the most abundant natural resources. Indeed, the successful development of seawater splitting system would definitely bring significant advance to various research disciplines, including renewable energy generation, seawater desalination and environmental remediation.
The salinity of seawater ranges from 3.1% to 3.8%, making it a natural electrolyte with reasonable conductivity (3.27 S/m by average under standard conditions according to the data provided by the National Physical Laboratory, UK). Besides hydrogen and oxygen, the abundant dissolved elements in seawater are sodium (Na + , 1.08 wt.%), chloride (Cl To carry out the HER tests, the seawater was directly used as the electrolyte without any treatment or purification process. The seawater electrolysis experiment was carried out in a fume hood, in case of the formation of hazardous chlorine gas. Linear sweep voltammetry measurement was performed using Ni-Mo-S/C (1:1) and Pt plate as the working electrodes at scan rate of 5 mV/s ( fig. S28 ). Since localized pH variation may take place in a non-buffered near-neutral electrolyte during the HER process, the scale of x-axis in fig. S28 was not converted to the RHE scale. During the test, it was found that H2 bubbles started to form on the surface of Ni-Mo-S/C (1:1) at the applied potential of -0.97 V vs. SCE (inset of fig. S28 ).
Our results suggest that Ni-Mo-S/C can be used as the potential cathode in an overall seawater splitting system. However, it is a far more challenging task to develop an OER electrode with reasonable catalytic activity and selectivity in seawater. Table S1 . Exchange current densities of MoS2/C, NiSx/C, and different Ni-Mo-S/C samples in neutral electrolyte. 
